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List of Symbols (See “ir, 6 )

(IOTWO di~wnsicnal 117t coefficlent, spoiler off,

<. Two dimensional coef”icient of moment about the aerodynamic center,

A{}l Lift coefficient inecrement due to aerodynamic e{fects of the spoiler.

Moment cocficlent increment dee to the acrodynamic effects of
AC‘"“ the apoiler,

AC LAft coefficient incredent due to the momentum contrihution of the
tvn gv0iler,

Moment coefficient increment due to the momentum contrihuticn of
A{m‘,m the spoiler

Distance alon- the nrofilc chord line from the leadin~ edge to the
i center of the spoiler slot =xpressed as a f{raction of the total
chord,
Mow velocity in the spoiler slot, ft./sec,

6 Angle of the spoiler slot with respect to the profile chord line,
in desrees,

Flap ancle in derrees,
E{ Angle of attack in de~rees,
S Section area in square feet,
S Static pressure/qt.
C Profile chord in feet,
C( Flap chord, measured alone its cherd line, in feet,

\,V, free stream velocity in ft,/sec,
2

fd

est section dvnamie pressure in lba_./ft,

~

e T
9; Slot dynamic pressure in 1bs./fte2
? Mow dansity in sll,u({s/i‘"b,B

21 Viscosity coefficient in lb,msec./i"t.,z

T‘ Toust gection temperaiure in O‘v*,

T odel charber temporature in °F,
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Rn Reynolds' number, (fn = V/:'E"' )

) ‘elrht flow throush the slot, in The, /sec,

ﬂ Aocelaration of srarity in "t./sec’.

A, Two Aimensional slope of 1ift curve, por letree,

Cq Ouantity "low coeffirient throuch slot, (Cq= w’é) 3,\/05,)
ﬁ/u Momentum flow coefficient throush slot, ¢ C’..“ A 61*5)

E Spoiler afficiency (B ==&y )
Cp
Subscripts
3} -Jet conditions
o Yodel conditions

t Test section conditions
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SUMMARY

Twe dimensiomal model tests of an ACA 223015 airfoil equipped with a
jet spoiler and varioua flaps were conducted in the 2" x 36" smoke tunnel
(smoke line studies); and in the 1' x Ji' throat of the instructional tunnel
(pressure distribution studies), These tests precede three dimensional
force tests, flisht tesats of an L-21 airplane, and desirn studies, 1In
anticipation of this work, the data heiein was compiled to establish the
most effective Jet spoiler conficuration for the lisht liason plane, but it
is felt that this control has possible application to heavy, high speed
aircraft,

Specifically, the influence of various parameters on the 11ft reduction
only ware studied, The major variables in the problem were isolated in turn,
and it was found that the major ones are C/u ,© , X ,and o . For
the NAGA 23015 equipped with a 25¢ sinrle slotted flap, a confizursiion
which approximates f,ha.t found on most liason airplanes,optimum effectiveness
for an angle of attack ranve of 0 to 15° was achieved for 6 = 60%, X = 65,
The spoller was tested over a variety of {laps, and it was found that
performance over single slotted, double slott;ed, and plain types is promising,
1i£% coefficient reductions of .8 beinz reached at a C‘p of o1,

Effecti:reness of the control over a plain wine was found to be slightly
preater than this, 8 A{; of «,9 reached at the same blowing quantity.

Using this data, preliminary calculations for the L-21 airplane show that a
p%'/gv of JOT can be developed usin~ a blowin~s system capable of reaching

a (}_, of ,05, Since this f"ir!:ure is small comparaed to the hlowing quantities

for wagt bleh 117t blowlng systams, it 19 possible that the jet spolier can

he ducocpmeptad practienlly into circulation or boundary layer control alrplanc,

ST LENTTAL,
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A briefl check proved the pltehin: moment to chanoe Tittle with blowing.
It wes found that jet reaction accounted “or roushiy 10s of the 1ift

reduction, Sufficient data is presented to predict acenrately

1ift reductions due to the jet spollar over a wide tanee of practical

installations with particular emphasis on a ,25¢ slotted flap.
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L, TNROIATSTION

(nrrent. interest in STCT and V1O machinea stems Trom the versatility
of liason, transport, and recommnissance aircraft capahble of operatinz from
small, rourh fields, yet ahle to reach hish crulsine spreds, Unfortunately,
the simple aileron as a solution to the lateral control nroblem finds
practical application in only a small vart of thls enlarged speed rance, Al
lower speecs; ailrrons occupy valuable space at the trailing edge of the wing,
yet have verv 1little control vower., At hisch fli~ht velocities, acrodynamic
flutter and control reversal due to wino twist bhecome severe problems, while
the hi=zh control fore~s demand heavy power systems, The desirahility of
powerful, responsive lateral control near the minimum speed of aircraft
havin>y "ull span high-lift devices, to~rther with the high speed considerations,
nacessitates investipation of entirely new forms of control.

POPOSED "ETHODS 0 ACHINTING LATE-AL GViTROL
ON HIGY LIYT AIRPLARS

COYE I L TP A Y
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Fipuve A displays several lstersl control systems now vwader consideration
Feor Birh fa8y alsplanas, Althoagh the increasine interest in the dveted fan
suggests wethods uwbidizin vauwes in the slipstream and variable propelloy
i, the designs pletured represent the most obvious solutions for
conventional one or two engine Iirht liason atrcraft,

Conventional allerons can be retained, vet full span flaps realized, in
8 sysiem employing some BLC to reattach the flow to the wing., This
arrangement (1) uses ailerons acting differentially from a drooped position at
low speads, with blowins over the full length of the flaps and ailerons,

Since the control derives most of its power from the flow over the flap, loss
of the high blowine quantity required produces almost total loss of control,
and constitutes a definite hazard at low altitudes,

The mechanical spoiler has found considerahble application to hirh speed
airnraff due to favorahle aero-slastic effects on the wine, low hinre
moments, favorahle yawin~ actlion, and adequate control power, However,
response is often slurcish, control effectiveness generallv falls off near the
stall, and satisfactory overall performance is usuallyv achieved at the expense
of mechanical complexity and weicht sacrifices, Finally, for a low flying
plane, lateral contrel at the expense of & net loss in 1ift constitutes a
possibie flying hazard,

If high 1ift at low speads is achieved by means of deflection of the
pronellor slipstream, diffesrential movement of flaps immorsed in the flow is
an attractive means of lateral control (3), The response of such a system
vemains to bte testad, bowever, and there wvould most cortainly be large
adverse yawing moments, The Lattnr problem can bes overcome by differentially
vies yivg, whe throst ot the propeltlors in a8 two engine machine, but once acain

Booponto ot dovbbfeld, aud wedshit posedties most b sxpascied,

GOTIR U TTAY,
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A Timal gystem (L) rasoris entlrely to Jet roaction for control moment,
& ayzben wirieh sivebd have sown nerdit Yor atverati having o lew polar momsio
of ineviis abeout the lonegitvdinel sxis, copacially i€ hoverine £licht is
achieved, Obviously the flow quantitles required would bs largn, and for a
small craft designed to STOL reguirements; it appears that such a system
would not only be too hesvy but also overlooks the control power mads
avallable vy fiuld fiow over the wing,

In addition to thess devices, numerous cowbinations have been advanced,
mast of them attempting to solve each of the several imnortant problems
involved in slow {light control with a modification of one of these basic
types, These fundamental considerationz can be summarized as followss
(1) Control should he retained up to the minimum speed achieved with any

high 1ift devices emploved,

(2) Control should be avasilable in the event of pover failure of anv blowing
systems used,

(3) Control should be adequate over full spen flaps, as well as over a
plain wine in eruising flieht,

(4) The weight and mechanical complexity of the system must be held to a
mdndmem,

(5) For low level aircrafi, a net loss in 1lift for purposes of control is

highly undesirable,

>
o
e

The asystem musit be eapable of high rolling moments at low flieht velocity,

FM%%iV’ is not the true measure of lateral control rosponse at low Vv §;

The jet speiler has been sugeested as a means overcowing a great nany
control problems ail Lhe exitreiess o Uthe fiight spectrum of current opsrational
airvvialt, At Iigh supersonic spsads, advocates Tesl that hileh wave deap does

Bonat o g
W <

S . A s o e . . -
1o s probable that 20 the acceloration of »oll, Iz the fevue test of contwal
VORTINSE d N o3
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Lo control can he minimized, snd the win~ aeed not be weakened by the
vristence of alleronsz on the trailinzy edre, AL very low spoeds, moreover,

the induced separation mecnifies the momentum effect of the jet. UYecause

of the low power yequired for the syvsten, emerrency operation on ram air alone
can be foreseen, (Raf, (18) describes such an emersency system), lise of the
spoiler with PLC blowing on the wing or jet circulation control could, if
desiened carefully, result in a hishly rowerful system capable of controlling
without a net loss of 1ift, This combined system would most certainly be
lighter and less complicated that the BLC unit plus a control device
operatine on a fundamentally different principal. It is with these

possibilities in mind that this study of the two-dimensional characteristics

of the jet spoilor was undertaken.
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On the hasis of References 21 and 22, it can be stated thet the jJet
spoiler i8 not & completely new device, howaver, it is only with the
advent of elrculation control systems using hich velocivy blowing that
serious consideration has been piven to the device for a completely
integratea control system. Sovorasl investigetors hsve recognized the
advantages of an air jet as a2 weans of both decreasing 1lift and increasing
drag, but on the basis of the information available to the authors, the
experimentation on the subject to date has been of an exploratory nature only,

Recent studies conducted at the David Taylor i'odel RBasin (Ref., 19)
were quite promising, a high velocity jet beins applied to an WACA 6LACLO
saction, Three dimensional tests by Lowry and T™arner (Ref. 18} confirm the
possibility of utilizine ram air for emervency operation of the spoiler,

Yiork in the field first hegan at Forrestal Research Center in 195h,
when studies of a jet spoiler on an USAF 358 airfoil were initiated, After
the major paramcter2 were investisated, work was hesm to equip an L.21
airplane with & blowing slot in the vicinity of the aileron on the richt
wing panel. Preliminary rollineg tests (Ref. 16) .and pressure distribution
gtudies (Ref, 17) established the unique and promising aspects of the device,
though the power of the system was not sufficient to equal the performance of
fully deflected aillerons,

On the basgis of these investisatlons; & wore peneral sbudy was felt
aeeessary befors the full capabilities of the job spoiler could be realised
on odrerstt; bepinning vith & complris study o the fwn dhwoensions’

charneveristiou,
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Initial tests were performsd in the 2" x 36" smoke tummel at Yorrostal
Raseaveh Jenter (Meos. 1 and 8). A variety of flap confi~urations on the
NAGA 23015 airfoil were tested, an effort was made to determine the optilimum
glot position and blowing antle, and the influence of ansle of attack, flap
antle, and :lap chord on the 1lirt fall off, *-—ﬁ('}_ o Lift coefficients
were measured by the slipstream deflection method (Ref. 13) and comparigson
of this data with that of succeedins tests indicates thet the method gives
reasonably accurate results, The momentum coefficients were determined from
an orifice plate “low meter assumince incompressible flow. It is estimated
that a maximum error of L% i3 introduced into the C/a ealenlations by
this assumption. These tesis were run at s Reynolds' number of
aprroximately 2,5 x 107,

In the second phase of testin, pressure distributions over an MACA 23015
airfoil with a ,25¢ slotted flap —'ere measured for several slot an-les and
positions, the test facility helneg the twe dimensional throat of the
instructional tunnel at “orrestal iesearch Center (Fig. 9). The pressure
distribution was indicated by a multiple manometer and photooraphed, C}a
was measured by an orifice nlate flow meter tosether with total head and statie
pressure taps at the slot. Sinee these pressures were also recorded on
film, all readinus were taken at the same instant, The vressures were plotted
and interrsted sraphicaily, the {lap pressures beine plotied on the horizontal
reference line, This ncecessitated thatl a correction Tactor for flap
deflection be anplied to the “iav contribution to 1ift. Wor the vressure
digtribution {oests, “he normul Force was uneod In dedoroining the 1504
goof Pioioni,  Tempmainres vocorded o densthy enbonlabion gere weasored by

¥

theraoeomples awd o Sheavwstoue Y bdoe . The coverleis dosi vl 1 piclaeed
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in Fip, L, 'These teats were perforied at a Reynolds Number of 1,08 x 105e
A finwl phase of tests were rmm at a RN of 5l x 106 in order to increase
the values of ﬁ;u ' wmeasured. This phase was performed with the same rig
as was uaed for the preceding wind tunnel tests. For all tests blowing air

was suppllied by comprassors; in phase ITI, two blowers were staged in order

to boost the Cuy s,

O N AT,
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Modals for the two dimensional smoke tunnel were contructed of wood
and plastic, the rear center portion beins hollowed to act as a settling
chamber for the jet. Base sections were made [or sach of the jet anzles
tested (30, L5, 60, and 90%), and in ench one slots were milled at locations
from ,20 to ,70¢, The slotae not in use were taped with electrieal tape.

The various flaps were attached to these hase sections, each flap adjustable
from O to 50 derreass, Air was inlroduced throush the 1" brass tube which
also acted as a anpport and axis of rotation (Tie, 1),

The pressure distribution model was fitted with L8 pressure taps on
the upper and lowver surfaces, and space was nrovided for spoiler locations
at ,50c and .65¢ (Fio, 7)., The slot an~le was varied by screwing removable
brags plates intc the model into which the prover ancle siof was willed,

The blowine air was introduced throu~h a flexible hose to the center of the

model as is shown in (Fiz. 1)
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The paramaters eonaidered Cf" s =G, K, 8{ s & Ceos
flap type, and X wers investimated in turn until the effect of each on overall
gpoller effectivensss could bs ascertalned,

A base plot of wﬁ;ﬁi VS, C,. was chosen, primarilv becauge hoth
the wing tip helix anzle and rollines moment coefficient of an airplane are
1inear with QC-,_ s and (:}A is helieved to he a reagonable indication of
blowing quantity “or any Jdewvice which contrihutes momentum effects, It
follows that spoiler efficiency (or effectiveness) can be defined by

E = —A& Ky
C’/'“

In general, anrle of attack was varied in increments of 4°, other
parameters held constant, At each & , 1ift reductions were measured for
various amounts of blowins, In the wind tunnel testin<, pictures of the
manometer board were taken for no blowine and approximately five settines of
blowing quantity, and the (u was determined during data reduction. In
the smoke tunnel, increments in 1ift were determined usin~ the slipstream
deflection method described in (Ref, 13). The €3 vs, O4 curve was
established by settin~ the anzle of zerc 1ift as the point where the
starmation sireamline remained horizontal up to the stacnation point, a
transit used to establish the horizontal reference,

The errors lovolved in measuring {1 are of course completely different
for gmuke tmmnel swl wind tunnsl mothods,  omemberiny the guall an~le
appruxing biows, oo wall o5 the aceuracy of these techniques in previous testine,
it dg owcomstnad Lthet the folloving tolewnces vers met in the measurement of

Suwole i kN 5/‘_’: “l”',{:{ iR
yEL LY A [ .
Jind weoaed O3S werEianing

L TR A
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Heeauae of the aeale of tostine, C,;,M i5 tho moct ML FMonlt oarameter to
measure o any blowlne device.  “oundarey layer ef'fects in the slot make the
jet velocity nnd slot arsa difficult to measure, therehy malrin: mass flow
difficult 1o svaluats at the wodel, "he procednre nged moct often in this
laboratory and was ‘ollowed in these tests is hared upon an orivice plate
flow meter which can be calibrated tr vield mass Tlow vs. nressure ‘rop
( W s, H' R ). Several sets of C/u's ware calculated ‘irectly, and a
calibration curve of “1-‘ Vi, C,a establishad, The followin< equations are

relevent to this procedure,

v cep——

c‘,c‘_ts 3(3(:\1-

Mow if AJ is assumed constant, and since D and Y+ can be evaluated

Cr:: (LJV; - 1AJ C‘_‘\

independently from blowing conditione,
Cu= K9,
Te
Comparisons of this line with the more exact computations indicated a
maximum error of 25, Even creater accuracv was obtained by correcting
for chanse in the effe~tive slot area with Ch « The larvest exnerimental
error expected oeccurs in the measure~ent of 0“3 s« 1In the wind tumnel model
a gstatic nressure tan in the slot and a stamation nressure tube in the model
chamher vere assumed sufficient, althoursh a static nressure survey along
the slot is advised for more precision, ¥inally, a maximum error of L7 is
introduced by the assumption of incompressible low, The error expected
in the measnement of ‘{T’i“ s with these gorrees of error in wind, is + b0
The rewadining parameters were measured with sufficient accuracy to be

prrlected bore,  Sowe gquestion as o the meaning of spoiler ancle hus been

~ipod by other wrbiors (Sca Hat, e Y, since womentum offccts in the absence
G 1 iy o waloeed do o pfion riedd o34 Lt Te 330 e TR RIVe Jo b auedens
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Sinee these effeets ave sall, (on the ovder of 2+ 3 derrees) and heennsa the
slot ancle is not eritieal for small chanr-eg, the orientation is defined on
the basis of snele of tha slot ~mlls with regnact to the chord line of the

airfoll,
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VIie HWSULTS

The data displayed in Wioures 10 to 37 covers the thme phases of

testing, which can ba broken down as follows:

Phase Parameters Varied Tunnal it "lap
T o, X, 5,0, Ct smoke 2.5x10° .25¢ slotted
O mw daouia i Ty e
Lha WV o o
«20C split
+25¢ plain

J19¢ sloited
JAiie plain

i1 o, b, €, % wind, 1.07x1c? .25¢ slotted
pressure
distribhution

Ir e, § wind Slx100 .25¢ slotted

The smoke tunnel pictures (Figs, 3 to 5) are offered as representative
of the flow picture with spoiler in overation, In particular the path of the
Jat and the well defined senaration point are shown. HNo drag information is
presented, though (Ref. 20) indicates that the jet spoilsr effacts consider
able dras increases ( A‘Cd on the order of ,1)., From a jet control view-
point, this behavicr produces favorable vawing momente and i3 hichly desirable.
It is p;)ssible that symmetrical spoiline will prove a practieal means of
gontrolline dras, Application of such a system to dive bhraking and landing
roll brakinz should bhe econsldered,

Limitad pitching moment date is conteined, though it sppears that for
blowine in the vicinity of the mid chord point pitching moment effects aiv
gquite low, Intuitively, pltching moment due to the action of the jet
bocomes rapldly nose down as the spoiler is movad farthew o the vear of thie
point. Fip, £9 indieatas slirhy nose down pitching moment incremenis with ths
spolior st oHYa,

Typlead prasoura di spribntisns in pbase 17 ave civen dabiog 3 ond 36, o
posvioutar, the prensurs deup aof 6 of G spoiiior ghonld be notod, s werlh ag

L - ) - M ) K - - Vs R N e K i ¥
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UON L ENTIAL

YII, DRISGUSSTON

To General
A spoiler is generally thourht of as some device which, when projectoed
from the upper or lower surface of a winr, chanpes the aerodynamic forces
applied to it. The resulting hreakdown of continuous flow is referred to
&5 sSepayaiiva, ani Gan be assvcliated with chances in eireniation and
pressure iistribhution about the surface, The existence of the separated
recion precludes the use of the normal tools of theoretical analysis (see
apprendix), and it is hoped that the data herein presented will be of value in
the dewvelonment of semi-empirical avproaches to the oproblem, Durine the
compilation of this data several characteristics of spoiler flow, i.e, forced
separation, were found to act simultanecusly toward reduction in wing lift,
these ares
1) Modification of the pressure distribution within the separated region,
In Phase II of testin<, pressure drops were observed aft of the spoiler
slot., This phenomena tends to reduce the "response™ of the spoilex
control,
2) Direct affect on the cirenlation of the winm, Sirce the jet supports
a well defined houndary (in effect a stasnation streamline), the effective
thickness and camber of the profile are severely modified. {(Admittedly,
use at the term "eirculation" should be limited to steady, attached flowg
but the effect of forced separation, is similar to that of other
eirculation control devices)
3) Tffect on induced Plow throush {lap slots within the senarated reriob.
rds heocomes critical ouly for low values of ifp .
1) Diveet reaction o the jet at the profile. Dy definition, the wamoybne

veactlon expresgad non-Almonsion vy g cannl ﬁﬂ"{;p .

Gy aps s b,
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Thase eflects are functions dw one “nem or another o7 the variom:
parameters studiel, and eannot be considered as comnletely isolated phenomuna,
2, ¥ffect of An-le of Attack

As can he seen in "le, 106 blowinew efficiency, defined as ‘"ﬁﬁﬁ:zfﬁzid
15 oreatest for hith Cp's at lov ot , and low Cpats at hieh =,
This i3 a rood Indicatlon of the ease with whiech the circilation about the
profile can be altered at various angles of attack, The Tirure referred to is
for a spoiler location X of ,65, It is important to realize that these curves
gan reverse themselves for another spoiler location. As will be discussed in
the next section, the optimum position for the spoiler is intimitely affected
by the anale of attack,

Fies, 10 and 11 esive the effect of RN and C;r on the basic 1ift curve,
Tt is significant, we feel, that the effective slone of the lift curve is
affected by blowing, for in certain cases where symmetrical spoilers mizht
be used to increase the alrplane dra~, such behavior would have an important
effect upon the stability. Once a-~ain, spoiler location will influence the
relative importance of this parameter,

Figs, 1?2 to 15 ~ive a zood indication of +the influence of anele of
attack on the spoiler effectiveness, At hi~h anvles of attack, most data
displayed a fall off in the aefficiencv o hi~h blowine due to the stalling
of the profile, For constant (;A s @ fall off in 451 of from O to 3
was observed while varyine oA from O to 12°,

Tt s obvious that if a jet spoiler type control is to be designed, the
range of anile of attack throush which operation is dealred will influence
the choice of conficuration, The moblem is not so wuch what o civen spoilow
can achieve at one suwde of abtack, but bos its efficiencey vaview throuchoul

G s onnGe
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Taodnse 1L of tesiing, sl Anceesses dn 1300 ven noblecd at Low (,',,;;_3 O,
and 0 anple of atteck. Thls effect has been mentioned by othar investipators,
and czm be traced to a mreater 117t increase due to the pressure drop aft of
the spoileyr thag 1ift reduction due to descay of cirenlation, It was found
that this disturhing condition could be alleviated by sealine off the eap of

_the slatted flan. (Sae Fir. 231). Tt 98 helieved, therefors, that a onod por.
tion of the pressure drop is due to the induced flow through the flap slot
caused by the spoiler jet. Tt should be mentioned here that the »ressure
aft of the slot at all times had a low sradient, obvicusly due to turbulent
mixing,

A second critical regsion of operation occurs at low ancles of attack,
with the spoiler blowing at O = 30%, X less than ,5. Farly smoke tunnel
studies revealed that for low C}A'S s the flow would separate at the spoiler
slot, but reattach before it reached the trailing edoe., The stream of high
energy air then reenargized the boundary layer and effected slirsht 1ift
increases, This effect was never noticed for the spoiler confizuration
finally selected “or extensive study,

3. Effect of x

As has been mentioned, the spoiler chordwise position is of rreat
importance in determininv the overall operation of the jet spoiler, ™as. 17,
18, and 19 indicate its effect. Althou~h the optimum position moves forward
with angle of attack, a location in the region of .60 to .70 offers the
highest efficiency throushout the angle of attack ranve studied, rThe optimum
rosition for any <X is a function of the stability of the boundary layer
alony the chord, an eohservation thal points wp an Smportmbt Liwitation of
these sindies, 1P a LIUC aucmontation syston i the Jorm of vectored
shipsteomn o clranlavion control d2 cuploved on the wine tle changes ohich

Tolo e i the howeley Toyew 193101 oo dovnd 203y Toesvion ol the oo ov
H N . ]
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1.
glot clover 0 the trailing edve, Such a svstem would be exlvemely responsive
to hirh an<les of attack, and since lateral control ia definitely critical
in the VTOL and STOL c¢raft now wnder study, further investieation into the
uge of the apoiler in a hi~h 117t blowin~ system should be considered,
A second limltation upon these two dimensional test lies in the

13 4 1.8 el en s S R, .
appiicaticn of the resulis to thin winss, Tt is5 3

o

location will be critically dependent upon the flow at high angles of
attack, and it is possible that a more forward location will be necessary
to satisfy control requirements durine takeoff and landing.

o Effect of 8

As has been mentioned, early smoke tunnel studies showed that for © =
30°, s small bubble appeared af't of the blowing slot for low Ca's ,
indicating a reattachment of the jet and a corresponding reenergizin~ of the
boundary layer, As Gu was increased, the "bubble"elonzated until the wing
stalled abruptly.

Tt was decided to 1imit investization of @ to the ranve of h5 to 90
desrees, Intuitively, blowinz at a @ areater than 90° will annroach a
condition of tangential blowin7 on the upper surface, a means of increasing
1ift, anl is only of importance if the gpoiler jet is to be rotated to a
position where 1ift increases are desired, as mi-ht be the case in a
differential control syztem,

Subsequent smoke tumnel studies proved that the angle of the jet can
vary “rom L5 to 60 dezrees with cood results. An an-le of 60° was decided
upon as offerineg the hirhest relative efficiengy throuszhout the ranve of
toswingz,  Althouth the blowing efieclivoness is somewhat lower than that of
B I8P ug yory Low (:’:UJ 5, above a value of ,Oh effoctiveness is sowewhat

. - 3 ey
Teforbw, (fj(;g, Wi, 20 o a"r'.'B‘,
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L. Fitect of ¥lap elleation
, Commared to the other parameters studies, g@ is of secondary
importance, Refersnce to ™ima, 2k and 25 shows that the effects are erratic,
and often neslirible, In most cases there was a slisht fall off in
effectiveness as the {"lap an~le is8 increased, thoush the effect at low C;p 's
cun be different from thal ab high  Gpls. These s o doddl el the
condition of the hounlarv laver on the vwppar winz surface is affected by flap
deflaction, and it can be expescted that some shift in the optimum spoiler
location alon~ the chord will be exp~rienced in coinz from a clean wins to

full flap, This effect uillrbe ma~nified by any cirenlation control system
employed durin~ landing., 'ithin the limits of this report, however, the flap,
operating within a separatsd re~ion at moderate (:k 13, can pe deflected
throuch considerable angles without serinusly impairin~ the spoiler
effectiveness,

6, Effect of ¥lap Confivuration

On the basis of the data represented by e, 26, there is no reason to
1imit the applicability of the speoiler 1o specific flap types, TFor
glotted, double slotted, and split typves there is no large difference in
efficiencv., This is Tortunate in that other specifications on the landine
prrformance of the aircraft will no doubi dictate the type of flap used.

Due to the hich 61/2 of some of the new vectored slipastream desiens,
some effort was directed toward determination of the influence of flap chord
to wing chord on gpoller efficlency. As can be geen in Flo, 27, there iz a
rapid fall off in performance a3 the flap chord is increasad, and it is
dsairahle from thoe standpoint of Jet spoiler esontrel to limit the C}y&;

L3,
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7. MHomantum Contribution of the Spoiler
As previously siziad, the force contribution to the profile due to ths
isolated jet is by definition equal to (:p . Therefore,
"““[5»4:14mn=‘ C:}A o
The momentum contribution to pitchine moment is then
A T, = EX-C,,MQ
where x is the distance from the slot to the a.c. of the section, The values
for these coefficients are miven in Fig, 20,
8. Pitching Moment

Although onlr limited studies were made (by determining the centroid of
the pressure distribution) it appears that for spoiler at .65¢, there is only
a sligzht nose down (negative) moment about the a.c, with (;M . (See Fig, 29),
It is felt, however, that the problem becomes more acute as the spoiler is
moved farther aft, snd recent work on the jet flap indicates excessive moments
for treiline edge blowineg (Ref, 1L), Since for a spoiler these moments are
positive, there is some position-between .65¢c and the trailing edse where
woment increments will be winimized.

On the basia of the wind and smoke tunnel tests, the vrediction curves
(Figs. 30 to 33) were prepared for prediction of spoiler effects on an NACA
23015 airfoil., The critical region of these curves can be seen to be in
the (:g range from O to .025. (It should be remsmbered that this data is
for unsealed slotted {lap, hence the slightly positive 1lift increments i;
this C:P range), For the hiphest Neynolds Number tested, (1,08 x 106)9
considerably preater 1ift reductions wers experienced than in the other two
series of tostd, The results have been verifised several timos, and it appears
that o eritical W mizht have besn reachod whera tha spoller azxercises preater

gontead over separetlon of the flow. T8 ghowld be remembored that tha P of

CO vy LAy,
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6

the flichts tests mentieoned in the next section waries from 3,2 x 10° to L b x
6 . . .
107, The eff'ect of the larme IN on spoiler cffecctiveness has nob yet been

ascerbained in the wind twmel,
VIll. Extension of Data to “hree Dimensional Flow

Under the prasent coutract a model is now under construction which will
enabls force tests to be run on a scale half panel of the L-21 winge Attention
will be directed primarilv to the optimum spanwise location, and‘the attempt
will be nmade to correlate 2-D gmoke tunnel data, 3<D force data, and flight
test data in an effort to reach ceneral coneclusions as to the possibility of
predicting the effectiveness of Jjet spoiler control on arbitrary plan forms,
as well as to estghlish the value of the svstewm on 1irht liason type aireraft,

In an effort to check the value of these two dimensional tests, a rough
calenlation wes made Tor the rolling moment due to spoiling of the flow on
an I-21 wine, In (Re®. 16) T. =. Sweeney cives preliminary results for a
blowine svstem which directed air at a @ of 45°, an £ of .74, and this data
plotted in Fig. (3L). Despite the differences between the two airfoils,
agreement is satisfactory. At the present time a modified blowing system
is under consideration which will enable higher C:u is to be reached on the
airplane, Tt is interesting that Sweeney's data establishes the feasibility
of using ram air power for emergency cperation, for he found control to

quite adequate under that conditlon,

GOIE LI LAT,
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™, Conclusions and “acommandations

Two dimensional tests indicate that the jet spoiler has rpossible
application for a variety of wing flap comhbinations as a form of lateral
contrel, Yo critical ranses of operation were observed which could not,
with ecareful desisn, be eliminated, Some investization into the effect
of Reynold!s number, as well as the interaction between 1lift ausmeptation
and Jjet spoiler systems, is recormended,

The most important parameters from the standpoint of desisning a jet
spoiler control for a particular win~ are X and @, These parameters
interact, and their optimum values are directlyv dependent upon the angle of
attack ranme throuvh which the svoiler is to be operated, The Jet
spoiler,by marnifvineg aerodynamically a purely momentum affect)can be a
porerful means of alterin~ 11i€t on a wine utilizing a relatively low power

blowing svstenm,

RIS R L
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e Analvod tal Problem

Fluid seneratiion hag lon~T been a ovhenomena incanable of hoine analyzed
theoratically with any acecuracy, ™his can he attributed to the many
variahlees attached to any viscous Flow over an airifoil. Some thoucht has
bren ~iven, however, to the nossibility of rxtondine swall prriarvbation
airfoil throry to to dinnnsiuﬁal airfoils from wiich is lirected an
infinitely thin sheert of hish velocity nir,

Yalavard (in Ref, 1)) has hal ool asreement between test data for a
trailin: ~dee "jet ¥lap” and a theoretical analysis bhased unon a linearized
petential theory, This confiruration is identically an inverted jet

snoiler placed at the trailing ed—r, &

alavward Tids Lhe solution o7 U 11470 egnation to he of the form

ATy= [((CM * Q]‘-‘"’ e
el a solution “ollows intuitively “rom the nature of the flov picture about
the airfoil, 5ince the assumation is made that th~ jet is concantrated to a
thin sheet, 1t is in effect a solid extrnsion of ths nrofile, aad the
gerotvnanic af "act of the snoiler nn the cirenlstion of the section can be
senarated from the momentum transfer oithin this shect, The latter hecomes,
in elfect, nnrely a line of velwnity discontinuities,

Solving Lhe pobeabial harmonle Tunction ny an clectrical analoey,

T "
Talaverd Cinds "g'L(;*}3: 4 \ﬂig 5 \V%EL corraspondins to the

Vo &

notw-ntinl of the o1 at Lhe trailisi odree,  Somarin: his prediction to test
IO D Ly o
L] 4 T Ui valoe
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for the constant B in the easn cited beine 1,9, 21thowsh this result is
restricty] bo small anrles of atlack and particularly Lo a trailin- cdpe jet,
it is intoveeatine to note Vie, 13 here £qu is linear -1ith @WE;A for
a nlain win-,  On the hasis of this data, it is felt that an ejuation of
the Torm ¢ 1
e . 2 -k 2 Q-ft \'/ i) o2 - . .
A‘l L N L\.)‘ R _J \....,,A DgJ L 2 CONSRINMTD

represents tLese curves for spoiler loecaiinns aft of the midechord point.
The —major difficulty with t .18 <oneralization appears at low C).i‘s, for the
lineariratio=n does not hol:d in this rerion. The alisrnative is teo adjust

the enuation to the point of intersection with the X axis, Then,
T i
AG = [Bc + B, ] \}C}A + AG,

"There Eﬂlzc is a Pfunction of €4  and reoreaent thie intersection (walid
only for <;u§>,C)I .) This equation is helpful only fro— ihe standpoint
of indicatine a possi™le form of thn solation, hased onbirely on exmarimental
work,

A8 ri~ot he exvectrd, the nredictlon of jeot spoller effectivoness at
stations iJorvard of tae trailin~ edve is ruch more complicated than the case
trorated hy alavard, due to the eli~tener of a recion of -omaration, The
only appreach which anprars at this timw Lo have merit consilders the {low
noar the jet to act as & free stroamline on the winer surface of a re~ion
of" "dead air" at free stream astallz rreasstre,  The lower houndare is also a

free astreariline from the trailline odree,

~
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snovine thot the curvature of tie ot 1o deterqained by Lhe nressure differeontial
across it, 2 linearirins ihe Clow by limitin+ it ‘o snall »~riturbations,
nne is able to conneet tho noteatiad alon* the uodper surface 27 tie jet to its

Jdorivat ive,

B By LS+ Bop P eensens

Tyis establinshes onlr a portion o it hounlary of the flow, Albnoush the
detail~d caloulations have not bheea carriad out at this Li-e, it annears that

it ~i-h* he nossible to estabhlish su’licient bounlary eonlitions for an

strecm statie pressure within th- ares “ounded by Tree sireanli-es, is
consideranly in error'aé actuall; this »ressure is Mucﬁ'ldwer. This fact,
torethar with othor assumntiﬁns, “mmld vréhahlv limit the use of. the results
of such a calculation, andi it is fn1£ that exﬁer{ﬁentai veri©ication would

1iftin~ snrface could »e considered,
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